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Abstract: Asvagandha (Withania somnifera) is an important antistress drug has now been sown 
to have an antidepressant action in clinically depressive patients, However, the mechanism of its 
antidepressant action has not been studied. Normal rats fed with asvagandha root extract 
(100mg/kg orally) for 4 and 8 weeks showed enhanced open field behavior and emotional 
stability along with a moderate but significant enhancement in the functional sensitivity of 5 HT2 
receptors in the brain and a reciprocal subsensitivity of the 5HT1A receptors chronic 
asvagandha treatment (propylactically) was effective in preventing the behavioral deficit in open 
field activity in an animal model of depression. This was accompanied by an adaptive 
supersensitivity of the postsynaptic 5HT2 receptors in the brain.  The effect of chronic 
Asvagandha on 5HT receptor subtypes is similar to the action of chronic ECT treatment and 




Withania somnifera (Asvagandha) is one of t 
most valuable medicinal herbs1. Apart from 
its vast range of physiological effects
2 recent 
studies have strongly emphasized its 
beneficial effects as an adaptogenic, 
3,6 anti-
stress 
3,6 and tonic agent.  Asvagandha has 
been shown to reduce the incidence of 
aspirin and physical stress induced gastric 
ulcer. 
5 more recently, the total root extracts 
of asvagandha have shown to exhibit 
antistress activity in widely different stress 
situation
3 similarly, it exhibited 
adaptogenic6 and immunostimulatory 
activity, suggesting a high potential of this 
plant as stress lowering agent
6.  
 
Chronic asvagandha has been found to exert 
an anxiolytic action, both in clinical 
7,8,9 as 
well as animal studies
3. 
 
Neurochemical studies have shown that 
chronic Asvagandha induces a depletion of 
acetylcholine and dopamine in the brain and 
increases whole brain level of histamine and 
serotonin.
10 Further, recent clinical trials 
have indicated a considerable therapeutic 
effect of Asvagandha in management of 
clinical depression. Biochemically major 
depression is characterized by a 
dysregulation of central biogenic amine 
neurotransmitter system (mainly 
serotonergic, noradrenergic and 
dopaminergic)
11 The serotonin (5HT) 
pages 169 - 181  2
hypothesis of depression has received 
special attention as 5T has been related to 
many of the major symptoms of depression 
eg, sleep, mood, activity and cognitive 
dysfunction.
12,13 Moreover the preclinical 
studies on the action of different types of 
antidepressant treatment on the serotonin 
system revealed, as a common effect, an 
enhancement of the 5HT 
neurotransmission.
13,14 Tricyclic 
antidepressants and electroconvulsive 
therapy enhance the sensitivity of the 
postsynaptic 5HT2 receptors to 5HT.   
%HT1A receptor agonists (effective 
antidepressant) produce the tonic activation 
of postsynaptic 5HT1A receptors. 
14,15 
Monoamine oxidase inhibitors enhance the 
availability of the releasable 5HT uptake 
blockers increase the efficacy of 5HT 
neurons by desensitizing the 5HT 




Based on the above information, the present 
stud was designed to investigate the effect of 
longterm Asvaganda as a propyllactic 
antidepressant drug, on an well established 
animal model of depression
16.  And 
secondly, to assess the functional sensitivity 
of the 5HT1A and 5HT2 receptors following 
long term Asvaganda administration  
  
 Materials and Methods 
 
Animal:- Adult male albino rats weighing 
150-200 gm. Initially were maintained on an 
adlib rat pellet diet and tap water (unless 
mentioned otherwise) and 12 hr light: dark 
schedule.  The were group housed (3-4 per 
cage) at a room temperature of 24 ± 25
oC. 
 
Drug:- 500g Asvagandha plant root (dried 
and powdered) were extracted with alcohol 
to obtain a 50g extract. A 40% suspension 
was made in distilled water (pyrogen free) 
with the addition of 2% gum acacia powder. 
 
8-OH Di (n-propyl amino tetraline), 5HT 
receptor agonist and 5-MeoDMT 
(5HT1/5HT2 agonist) was dissolved in 0.9% 
saline and freshly made before use. 
 
Depression Model:- A slightly modified 
version of a stress based model developed 
by Kat et al (1982)15 was used.  The 
animals were subjected to a variety of 
different stressors over a 3-week period (6 
day/week). Stressors were administered 
once per day, between the firs and eight our 
of the light cycle to maximize the 
unpredictability on the nature of the 
stressors and time of delivery. A schedule of 
stressors is given in Tale 1. 
 
  Open field Test (OFT):- The apparatus 
consisted of a circular wooden arena (70cm 
in diameter, 30cm height) with a sunmica 
base with three concentric circles divided 
into 24 segments by radial lines originating 
from the centre, Each animal was tested 
individually for 3 min to observe their 
ambulation (number of squares crossed on 
the sunmica base), rearing activity (number 
of times animal stood on its hind limb with 
or without the support of the circular wall) 
and emotional fecal pellet exvretion
17. 
 
Assessment of 5HT Receptor Sensitivity:-  
 
(1a) 5HT1A Receptor:- 5HT1A 
postsynaptic receptor sensitivity was 
assessed by scoring the ‘5HT syndrome’
18 
and ‘hypothermia’
18 elicited by the specific 
5 HTIA agonist 8-OH-DPAT.  The 
syndrome was measured 48h after the last 
treatment (drug or stress) according to the 
method of Backus et al (1990)
19 For testing 
the 15ht syndrome’, rats were placed in an 
observation arena for habituation , 
5,6 min 
before agonist administration. Drug was 
injected 2 min before the first observation 
period and following components of the 
pages 169 - 181  3
sybdrome were scored; flat posture, fore 
paw treading, tremor, straub and tail scoring 








In case of 8-OHDPAt, scording was done in 
observation period of 45 sec per rat, after 
every 5 minutes, for 45 min. scores for each 
component ere summed up over all the 
observation periods scoring was done 
blindly with respect to the treatment given 
minimum four components out of five had 
to be present, in order to accept th5HT 
syndrome as present. 
 
(2b) Hypothermia:- The rectal temperature 
of t eras were measured before the agonist 
injection by a thermister probe (yellow 
spring Co, U.S.A) inserted 5cm into the 
rectum.  Te probe was connected to a 6-
channel telethermometer apparatus 
(APLAB, India).  The rectal temperature 
was again recorded 30 min after 8-OH-
DPAT (0.75 mg/kg, JP) administration. 
18 
 
(3) 5HT2 Postsynaptic Receptor;- 
Postsynaptic 5HT2 receptor function was 
assessed by the induction of wet dog sake 
response (WDS) by 5ht agonist 5 MeO-
DMT (5mg/kg, IP) and quipazine (1mg/kg, 
IP)20 Rats were placed singly in an 
observation cage 5-6 minutes before the 
agonist administration.  The number of 
WDS were counted (by direct observation) 
for 60 min and 40 min for 5MeO – DMT 
and quipazine respectively after agonist 
administration. ‘Wet dog shake is 
characterized as rapid side-to side twitches 
of the lead and ear.
21 
 
Plan of stud:-  
 
After bringing the animals form the central 
animal house, they were housed at the 
laboratory for at least one week before being 
used in experiments,  before starting the 
experiment, all the rats were individually 
tested in the open field (OFT) and high plus 
maze test for assessing their initial 
emotional reactivity and exploratory 
behavior. Reactivity and exploratory 
behavior.  Subsequently, the animals were 
assigned to one of the following groups: 
 
(1) Normal control without drug (n=1) 
(2) 4&8 week Asvagandha treated group 
(n=5) 
(3) Depression group (n=5) 
(4) Depression + Asvagandha (n=5) 
 
In the drug treated control group 
Asvagandha extract (100mg/kg) were fed to 
the rats orally with a feeding tube for either 
4 weeks (6 day/week) or for 8 weeks (6 
day/week).  In the depression group rats 
were subjected to the stress schedule for 8 
weeks.  In the depression + Asvagandha 
group, animal were administered with 
Asvagandha for 1 week and from the second 
week animals were subjected to the stress 
model along with chronic concurrent 
Asvagandha administration for 8 weeks.  All 
the groups were tested in the open field after 
4 weeks and 8 weeks. 5T receptor sensitivity 
were also assessed at the end of four week 
and 8 week. 
 
Statistical Analysis:- The open field activity 
was analyzed by 2-wy ANOVA followed y 
students unpaired or paid t-test for inter or 
intragroup comparison respectively. 
Observer scores for behavioral syndrome 
were analyzed by Mann-whittney U-test.   
The wet dog shake response were analyzed 
by one –way ANOVA, followed by students 
unpaired t-test. 
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Results:- 
 
In normal tats 4 week Asvagandha 
administration did not significantly change 
the behaviour of the animals in the OFT.   
However, 8 week treatment significantly 
increased the ambulation and rearing 
activity (p<0.05) (Table 2). 
 
Table 3 shows that in the depression model, 
after 4 week stress, the rats sowed 
significant psychomotor retardation and 
inactivity as shown by a significant 
reduction in ambulation. 
 
(p<0.01) as well as rearing (p<0.01), wile 
pellet excretion was increased (t= 2.9 
p<0.05) when compared to prestress level. 
After 8 week of stress, the rats showed 
further reduction in ambulation (t= 4.8, p< 
0.001), rearing (t = 4.42, p< 0.001) and 
increase in pellet excretion as compared to 
prestress level.  Moreover, the animals 
showed extreme hesitation towards 
exploration of the center of the open field 
and remained mostly huddled near the wall 
of the arena.  Grooming activity was also 
not observed. 
 
When Asvagandha was administered 
concurrently with stressors 
(prophylactically) after 4 week, there was a 
significant improvement of the deficits. 
However, still ambulation was 16% less 
than prestress level.  At the end of 8 weeks 
Asvagandha treatment, the stress + drug 
group exhibited 180% higher ambulatory 
actually (p<0.001) and 500% higher rearing 
activity (p<0.001) as compared to the 
depression group (Table 3). 
 
5HT1A Receptor Mediated Behavioural 
Syndrome:- 
 
Table 4 shows that following 4 week 
Asvagandha treatment to normal rats, two 
components of the ‘5Ht syndrome’ viz fore 
paw padding and flat posture showed a 
significantly diminished response (P<0.05, 
P<0.05 resp.). Further, the hypothermic 
effect of 5HT1A receptor agonist was 
significantly potentiated in normal drug 
treated animal as compared to control.   
Following 8 week Asvagandha 
administration to normal rats, out of five 
components of 5T syndrome, tremor and flat 
posture showed a significantly diminished 
response (p,0.01, P<0.01 resp) The degree 
of hypothermia induced by 8- OH-DPAt 
remained similar to that after 4 – week drug 
treatment . 
 
Table 5 shows that in the behaviorally 
depressed group (8 – week stress) tremor 
and flat posture were slightly enhanced 
(P<0.05, P<0.01) while other components 
remained unaltered compared to the control 
group. Table 5 also shows that when 
Asvagandha was administered 
prophyllactically for 8 weeks, tremor and 
flat posture were decreased significantly (P< 
0.05 both group respectively) compared to 
depression group. The effect of Asvagandha 
was essentially similar to its effect on 
normal rats. 
 
5HT2 Receptor Mediated Syndrome:- 
 
Table 6 shows that in normal 4 week drug 
fed rats the WDS response week drug fed 
rats the WDS response showed a tendency 
to increase.  However, the following 8 
weeks of Asvagandha feeding, 5MeO-DMT 
induced WDS was significantly enhanced 
(P<0.05).  In the behaviourally depressed 
rats where as apparently no alteration in the 
WDS response both 5MeO-DMT 2 
quipazine.  When Asvagandha s 
administered orally (prophylactically) 
concurrent with stressors, there was a 
significant enhancement (P<0.01) in the 
WDS after 8 weeks which was also 
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Our data shows that normal rats treated with 
Asvagandha extract (for 8 weeks) exhibited 
less emotional reactivity and slightly 
heightened exploratory activity in the open 
field.  4 weeks Asvagandha treatment 
resulted in a significant diminution in the 
functional sensitivity of the 5HT1A 
postsynaptic receptors, as indicated by the 
reduced expression of ‘5HT syndrome’.  Tis 
syndrome is the most consistently utilized 
model to assess the sensitivity of the   
5HT1A neurons.
22 Behavioral studies also 
suggest that sensitivity of the 5HT1A   
receptors are decreased in brain stem region 
after long term (4-6 weeks) antidepressant 
therapy, 
18,23.  Out data also indicate that the 
sensitivity of the postsynaptic 5HT2 
receptors was moderately enhanced 
following administration of Asvagandha, 
both, after 4 and 8 weeks, as indicated by 
the enhanced WDS syndrome. WDS 
response has been shown to be mediated by 
the postsynaptic 5HT2 receptors 
20, 24 and 
the neural substrat is located rostral to 
bnulbospinal serotonergic nerons.
24 Many of 
the popular antidepressant drugs 
25,26 have 
also shown to enhance the behavioral 
responsiveness (WDS) of 5HT2 receptors 
following chronic administration animal 
models.  Electrophysiological studies have 
shown that the sensitivity to iontophortically 
applied 5HT is significantly enhanced b 
treatment with tricycles and ECS. 
27, 28 
 
Our finding with the animalmodel of 
depression (chronic stress model of Katz et 
al) confirms the previous observations with 
this model. 
16,17 this model was particularly 
chosen mainly for the following reasons; fist 
this is one of models with highest overall 
validity,
29 since the effects observed in the 
model increased corticosterone level, a lack 
of reactivity to an acute stress, 
16 
suppression of open field activity and 
anhedonia 30,31 – are all central features of 
clinical depression. Secondly, it offered the 
opportunity to study the prophylactic effect 
of long term drug treatment. Results show 
that after 4 weeks of stress, the rats 
exhibited significant deficit in psychomotor 
activity and increases emotional defecation. 
However, the diminution of psychomotor 
activity and exploratory activity became 
more pronounced at the end of 8 week.  In 
these animals alterations in 5HT1A receptor 
sensitivity was less clear, as only one 
component sowed enhanced response while 
majority of components remained 
unchanged, the sensitivity of the 5HT2 
receptors was also unaltered in this model 
which confirm the earlier results.
32 Earlier 
studies have shown that 5HT synthesis and 
turnover were significantly decreased in 
several brain areas in this model of 
depression. 
32 thus, an impaired 5HT 
function at the presynaptic level may be one 
of the major factors contributing to the 
behavioural deficit observed. 
 
Finally, the most significant finding in the 
present study was the ability of 8-week 
asvagandha treatment in preventing 
(propylactically) the development of 
behavioural deficit in 100% of the animals 
tested in the OFT.  Similar reversal of the 
open field behavior deficit have also been 
reported following chronic prophylactic 
treatment with imipramine, amitryptylene 
and ECT, 
30,31 Also these animal exhibited a 
significant enhancement in the functional 
sensitivity of the 5HT2  receptors. Such 
adaptive supersensitivity of the 5HT2   
receptors may have an important role in 
mediating the antidepressant effect of 
Asvagandha in this model by increasing the 
serotonergic neurotransmission.  The 
proposition that a serotonergic component 
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dos have a primary role in mediating the 
antidepressant action is strengthened by the 
fact that drugs the primarily effect the 5HT 
system were able to reverse many of the 
behavioural deficit observed in the Katz 
model; dopaminergic, GABA ergic, 
cholinergic agents and benzodiaeperies ere 
found to be ineffective.
23 Moreover, the 
possibility the adaptation of 5HT2 receptors 
following Asvagandha treatment is related 
to the antidepressant action in clinical 
situation is considerably strengthened by the 
fact that following ECS therapy (still 
considered  as the most effective therapy), 
both 5HT2  receptor responsiveness, as well 
as 5HT2  receptor binding in cerebral cortex 
are significantly enhanced in animal models. 
14,25,34 
 
In summary, 8 week Asvagandha-treated 
normal tats exhibited ore emotional stability 
in open field test compared to pre-drug level 
as well as control chronic Asvagandha 
treatment resulted in enhancement of 5HT2 
receptor responsiveness and a reciprocal 
decrease in 5HT1A receptor responsiveness. 
Also, 8 week Asvagandha treatment 
(prophylactically) prevented the behavioural 
deficit in an animal model of depression.   
This was associated with an remarkable 
enhancement in the sensitivity of 5HT2   
receptor responsiveness.  The effect of 
Asvagandha on the 5HT receptor subtypes 
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Table -1 
Schedule of stressors administered (the schedule was repeated after 21 days) 
  





















Cold stress, 0oC 
Shake stress 
Individual housing  
Individual housing 
Food deprivation  
Noise stress, 95 db 
Cold water stress 0oC 
Soiled cage 
Reversal of day/night 
Reversal of day/night 
Food deprivation  
Noise stress, 95 db 
Cold water swin 
Restraint stress 
Tail pinch 
Heat stress 380C 
Food deprivation  
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20 
21 
Noise stress, 95 db 
Food deprivation  
5 min 
24hr 
                  
Table -2 
Open field behaviour of rats during 4 week and 8 week Asvagandha administration (100mg/kg 
given orally) 
 














87.2 ± 6.9 
83.5 ± 5.2 




86.3 ± 7.3 
89.0 ± 7.2 
108.0  ± 8.7*  
 
 
18.5 ± 2.7 
16.2 ± 1.1 




15.6 ± 0.9 
21.2 ± 3.9 
19.4 ± 2.5* 
 
 
2.6 ± 0.6 
2.0 ± 0.8 




2.6 ± 0.6 
0 
0* 
     
Data expressed as Mean ± S.E. N= Number of animal used. 
*P<0.005 compared to 0 week value of control + Asvagandha  
 
Table -3 
Open field behaviour of rats in depression group and depression + Asvagandha group. 
 





















84.2 ± 9.08 
59.1 ± 2.5 ** 





96.6 ± 7.3 
80.2 ± 6.6 
95.7 ± 15.4 *** 
 




17.0 ± 3.5 
10.1 ± 1.3 ** 





20.2 ± 2.9 
15.4 ± 2.5 






1.8 ± 0.8 
4.7 ± 0.6* 






1.7 ± 0.73 
1.2 ± 0.09 
     
Data expressed as Mean ± S.E. N= Number of animals.  Data analysed by 1 way ANOVA 
followed by students t- test *** P< 0.001 significantly different from prestress level (0 week). 
*** P< 0.001 compared to 8 week depression group. 
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Table -4 
5HT1A receptor mediated 5HT syndrome elicited by 8-OH-DPAT (0.75 mg/kg, IP) in normal 
control, and after 4 week and 8 week Asvaganda treatment  
 
 Data expressed as Mean ± S.E. N = Number of rats. Data analysed by Mann- Whitney U- test; 
P<0.05; **P<0.01 significantly different form control group. 
 
 Table -5 
5HT syndrome elicited by 8-OH-DPAT (0.75 mg/kg, IP) in normal control, depression and 
depression + Asvagandha group. 
 
 Data expressed as Mean ± S.E. N = Number of rats. *P<0.05; **P<0.01 compared to control. 
*P< 0.05 compared to depression. 
  
Table -6 
5 MeO – DMT and Quipazine elected ‘Wet dog shake’ response (5HT2 receptor mediated) in 





















+ 8 week 
asva. 
(n=5) 





5.2 ± 0.9 
 
 
15.0 ± 1.5 








4.5 ± 1.1 
 
 
13.5 ± 0.6 
7.0 ± 1.1 
 
 
18.8 ± 2.3 
13.1 ± 0.6** 
 
 
26.2 ± 1.5*** 
 
Data expressed as Mean ± S.E. N = Number of rats. *P< 0.05 compared to control **P<0.01; 
***P<0.01 compared to depression group. 
Components of 
5HT Syndrome 
Control  Control + 4 wk 
Asvagandha 
Control + 8 wk 
Asvagandha 
Tremor  9.00 ± 0.6  10.1 ± 0.8  7.8 ± 0.66** 
Flat posture  22.4 ± 2.2  15.3 ± 2.8*  11.0 ± 1.9** 
Forepaw treading  3.3 ± 0.8  1.3 ± 0.9*  3.4 ± 1.5 
Head weaving  12.4 ± 1.2  12.8 ± 1.7  18.2 ± 0.9** 
Straub tail  2.2 ± 1.5  3.3 ± 0.9  2.4 ± 0.74 
Hypothermia  -0.70 ± 0.2  1.8 ± 0.02  -1.2 ± 0.35 
Components of 
5HT Syndrome 
Control  Depression (8 wk stress)    Depression  + 
Asvagandha 
Tremor  9.00 ± 0.6  11.6 ± 0.8*  8.1 ± 0.5* 
Flat posture  22.4 ± 2.2  16.4 ± 2.4**  12.4 ± 1.2* 
Head weaving  12.4 ± 1.2  12.0 ± 0.9  13.2 ± 1.6 
Straub tail  2.2 ± 1.5  3.0 ± 1.4  2.2 ± 0.1 
Hypothermia  -0.70 ± 0.23  -1.96 ± 1.1  -2.3 ± 0.14* 




1.  Duke J.A. CRC hand book of medicinal herbs. 5
th ed CRC Press Inc. 1987: 514 515. 
 
2.  Asthana R. and Raina M.K Pharmacology of Withania somnifera (UNN) DUNAL-A 
Review. Indian drugs 1988; 26 (5): 199-205. 
 
3.  Bhattacharya SK, Goel RK and Ghoshal S. Antistress, antianxiety and CNS inhibitory 
properties of withania somnifera. Phytotherapy Res 1987; 1:32:37. 
 
4.  Shukla MP. Conceptual and clinical studies on Rasayan therapy. D Ay M. Thesis, Faculty of 
Indian medicine. Banaras Hindu University, 1972. 
 
5.  Singh RH, and Malviya PC Antipyretic, analgesic and anti-inflammatory effect of 
Asvagandha J. Res and Med Yoga Homepath 1977; 13(1) 15-24. 
 
6.  Singh, N. Nath R, Agarwal AW and Kohli’s. Adaptogenic effect of Asvagandha. J Res Ind 
Med Yoga Homeopathy 1978; 13:53-62. 
 
7.  Pandey VN, Malhotra SC, Sharma DP and Kotiyal N. In VN Pandey and Malhotra SC. Eds. 
Phytochemical investigation of certain medicinal plants used in Ayurveda. CCRAS 
Publication Yugantara Prakashan Pvt. Ltd New Delhi, 1990: 24-27. 
 
8.  Singh RH, Mehta AK. Asvagandha in anxiety neurosis. J. Res Ind medi Yoga homeo 1977; 
12:3-5. 
 
9.  Singh RH, Sinha BN Sarkar FH and Udupa KN. Comparativa biochemical studies on the 
effect of four Medhya Rasayana drugs on brain in rats. J.Res. Yoga Homeo 1976; 14:3-6. 
 
10.  Singh RH, Sinha BN Sarkar FH and Udupa KN. Comparativa biochemical studies on the 
effect of four Medhya Rasayana drugs on brain in rats. J.Res. Yoga Homeo 1976; 14:3-4. 
 
11. Coppen A, Prance AJ Whybrow PC and Nolguera R. Abnormalities of indolemines in 
affective disorders. J. Psychiatr. Res 1972; 46: 587 – 599. 
 
12. Meltzrr, HY and LOWY MT. The serotonin hypothesis of depression. In : Meltzer HY ed 
Psychopharmacology: the third generation in progress. New York, Raven press; 1987: 513-
526. 
 
13.   Charney DS, Heninger GR, Sterberg DE. Serotonin function and mechanism of 
antidepressant action. Arch Gen Psychiatr 1984; 1 356 – 365. 
 
14. DeMontigny C and Blier P. Effect of antidepressant treatment on %HT neurotransmission: 
Electrophysio-logical and clinical studies (Review). Adv.  Biochem. Psychopharmacol. 1984; 
39: 223-240. 
pages 169 - 181  10
 
15.  Charney SD, Menekas BD, Heninger GR. Receptor sensitivity and mechanism of action of 
antidepressant treatment. Arch. Gen Psychiat 1981; 38: 1160-1181. 
 
16. Katz RJ. Animal model of depression: Effect of electroconvulsive sock therapy neurosci. 
Biobehav. Rev 1981; 5; 273-277. 
 
17. Katz Roth KA, Carrol BJ. Acute and chronic stress effects on the open field activity in the 
rats: Implications for a model of depression. Neurosci. Biobehav. Rev. 1981; 5: 247 – 251. 
 
18. Godwin GM, DeSouza RJ, Green AK. Attenuation by ECS and antidepressant drugs of 
5HT1A receptor mediated hyperthermia and serotonin syndrome produced by 8-OH – DAPT 
in the brain. Psychopharmacol (Berlin) 1987; 91: 500-505. 
 
19. Bacus LI, sharpand T, Graham-Smith DG. Behavioral evidence for function interaction 
between 5HT2 and 5HT1A receptors. Br. J. Pharmacol 1990; 100: 793-799. 
 
20.  Bedard P, Pycock, CJ. Wet dog shake behavior in rats. A possible quantitative model of 
central 5HT2 activity. Neuropharmacol 1977; 16: 663-670. 
 
21. Yap CY, Taylor DA. Involvement of 5HT2 receptors in the wet dog shake behavior induced 
by 5HTP in the rat. Neuropharmacology 1983; 22: 861-804. 
 
22. Jacob BL, Klemfuss H. Brain stem and spinal cord mediate the serotonergic behavior 
syndrome. Rain Res 1975; 100: 450-457. 
 
23. Green AR, Heal DJ, Goodwin GM. The effect of antidepressant drugs on monoamine 
receptors I rodent brain- similarities and differences.  In: Antidepressant and receptor 
function. Ciba Foundation symposium 123: Chichester: J Wiley 1986; 246-247. 
 
24. Lucki J, Minugh-Purvis N. serotonin induced head shake behavior in at does not involve 
receptors located in frontal cortex.  Brain Res. 1987; 420: 403-406. 
 
25. Kellar KJ, Casio CS, Butler J, Kurtis RN. Differential effect of ECT. Antidepressants r J. 
Pharmacol 1985; 69: 253-269. 
 
26. Johens RSG Enhancement of 5HT induced behavior effects following chronic treatment with 
anti-depressant drugs. Psychopharma-cology (Berlin) 1985; 69:253-269. 
 
27. De Montigny C. Electroconcvulsive sock treatment increases the responsiveness of the 
forebrain neurons to serotonin. A microiontophoretic stud of rat neurosci Abstr 1980; 6: 453-
454. 
 
28.  De Montigny C, Aghajanian GK. TCA after longterm treatment increases the responsivity of 
rat forebrain neurons to 5HT. Science 1980; 202: 1363-1506. 
 
pages 169 - 181  11
29. Willner P. the validity of animal model of depression. Psychopharma –cology (Berlin) 1984; 
83:1-16. 
 
30.  Katz RJ, Boldright GA, A further parametric stud of imipramene in an animal model of 
depression. Pharmacol, Biochem. Behav. 1982; 16: 969-972. 
 
31. Sobloshy JS, Thurmond, JB Biochemical and behavioral correlates of chronic stress. Effect 
of TCA. Pharmacol, Biochem. Behav. 1985; 24: 1361-1368. 
 
32. Dey S. Physical exercise as a novel antidepressant agent: possible role of 5HT receptor 
subtypes physiol Behav. 1994; 55(2) : 323 – 39. 
 
33. Katz RJ, Sibel M. Further analysis of the specificity of a nove animal model of depression. 
Effect of an antihistaminic, antipsychotic and anxiolytic compound Pharmacol. Biochem. 
Behav. 1982; 16:979-982. 
 
34. Green AR, Heal DJ Graham-Smith DG Further observation on the effect of repeated ECS on 
the behavioral responses produced y increase in functional activity of brain 5HT ad 




pages 169 - 181